Abstract
Introduction
River is one of geographical feature that has dynamic characteristic. The existence of the channel and the river valley will determine and are determined by the morphology of the surrounding landscape along the varies river channel, from upstream to downstream. Such variabilities occur not only in the river but also in the area around the river. It shows that the river channel is the site where the processes of erosion occur (riverbank and riverbed). It is also as a transport media of sedimentary materials and a sedimentation area resulted from erosion and landslides along the river. The dynamic movement of the of materials in the river basins that alternated from material erosion of riverbed and riverbank, the material transport from the erosion and the deposition of material are all three phases as a single activity called three phases of a single activity (Thornburry, 1958; Morisawa, 1968; Darrel et al., 2001) . Each phase is due to the difference in the power of water exertion in river basins in the form of stream competence and stream capacity (Morisawa, 1968; Dunatnu, et .al., 2011) .
Geomorphologically, channels and fl uvial river valleys from the upstream to downstream of river have gradual change both in valley shape and river gradient. The upstream generally has a straight shape whereas the valley and the riverbed are gradually narrower. Similarly, gradient of the upstream is higher and gradually become smaller in the downstream (Barrett 2010; Mark, 2014) . Stream competency is the largest particles that can be able to be moved along the river bed at various river discharge while the stream capacity is the total amount of river sediment that can be able to be transported (Morisawa, 1968; Ro Charlton, 2008) . Due to its high velocity, the stream in the river channel enables to release sediment materials, although that it is still in the form of aggregate (in situ) to become loose materials and transport them to the downstream.
Both of the processes are controlled by variation of water discharge and the river gradient as well regime of total sediment materials. Those processes area generally have signifi cant differences between process at the upstream gradient (steep-slope), the middle part (gentle slope) and the downstream (gentle-fl at). If the fl ow capacity to release and transport is getting lower, the channel will be no longer able to load material and fi nally, the sediment materials are deposited at the downstream as bed material. According to the function river channel, from the upstream to the downstream of the river can be divided into 3 (three) function zones, namely supply zone, transporter zone and consumer zone (Verstappen, 1983; Ro Charlton, 2008) .
In these three zones, the gradation of sediment grains was transported in terms of grain size, grain shape, roundness and fl atness of sediment grains) (Bloff, et.al., 2008; Adamzak et al., 2011, Koeli and Debasish, 2014) . The grain morphometry naturally will follow the natural law for the grain size, grain shape, roundness and fl atness levels of sediment grains. At the upstream channel, the morphometry of sediment grains are ranging in size from large, irregularly shaped, not round and not fl at, but they are gradually smaller in size, more regular rounder and fl atter in shape at the lower course (Strahler, AN, and AH Strahler, 1978; Baotian, 2015) . A geologist, Krumbein (1941 b) , is the fi rst to reveal that sediment grain roundness is determined by transport distance, river velocity, and speed of particle movement. Therefore, Krumben (1941a) formulates a mathematical formula that shows a relationship between roundness of riverbed materials and transport distance from a specifi ed point at the upper course to lower course. Roundness and fl atness have proven to be useful properties of particles (greater than sand size) when investigating the transport and deposition of sedimentary material. Roundness refers to the sharpness of the corners and edges of a grain. Roundness was defi ned by Wadell (1932 in Gunther, 2006 as the ratio between the average radius of curvature of the corners with the radius of the largest inscribed circle. Flatness refers to the fl at of grains stated by Wadell (1932 in Gunther, 2006 . He defi ned fl atness index as a ratio between the sum of length (A) and width (B) of grain divided by the two times of thick (2C) of grain. Flatness measures the degree to the fl atness of particles vary from equant to fl at. From that formula, it can be stated that the rate of change of roundness is a function of the transport distance so that at certain distances will be different in roundness (limiting roundness). The results of all the research shows that the greater the distance transported the sediment particles, the higher the roundness index value of particles sediment grains. Also, the greater the distance transported sediment particles, the smaller will be the value of the index fl atness sediment particles.
In some cases there are some anomalous of morphometry value of grains at some places along the river channel from upper to lower course. It can be used as an indicator that the anomalous changes in the index value of the morphometry sediment grains (roundness and fl atness) due to the addition of new material from the branches of the river or the addition of new material from the walls of the valley and riverbed erosion and avalanches in the walls of the river valley, as well as differences in the bedrock of the river channel. In the other words, anomalous sediment grain morphometry index value is due to the instability of the river valley and channel caused by landslides of the riverbank, erosion of the river valley and the riverbed, as well as the differences of rock bottom of the river. Therefore, index anomalous sediment grains (roundness and fl atness) can be seen from the deviation index morphometry value of the normal conditions on the graph that describes the relationship between the distances from the upstream to downstream. Finally, this deviation phenomena can be used as an indicator for river management in relation to the maintenance of an environment channel and river valleys.
This research study aims to propose the usage of the index of sediment grain as indicator of river management. It used a case study that emphasizes only to the main Bogowonto River, excluding the river branches that entering into the main channel of Bogowonto. It is based on the reason that the main river sediment dynamics of Bogowonto do not disturbed and mixed by sediment materials of rivers derived from Merapi Volcano. Thus the results of research will be obtained integrity of the processes of the hydrology and geomorphology processes, which work mainly caused by Bogowonto river only.
Research Method
The survey methods used in this research both fi eld and laboratory surveys with three phases namely the preparatory, fi eld work, and postfi eldwork phases.
In the preparation phase consist of the selection of research areas, It is determined that Bogowonto river is the research area since there are no any added materials from outside of the river (i.e lava of Merapi Volcano) so that the materials fl ow along the river only come from the upstream of Bogowonto watershed. Figure 1 displays Bogowonto River and its branches as the research areas. Afterward, sample points along Bogowonto river are determined by systematic sampling and the interval for each point is 5 km. Materials such as a map of earth surface and Geo Eye imagery should be prepared as well. Furthermore, research tools used in this research was prepared include: Yalon, Meter Scale, Abney Level, a tool to measure radius of a stone circle, GPS, a set computer and Arc GIS software 9.3, camera and stationery.
On fi eld work phase, primary data collection include: measurements of cross sections and river gradient, sampling of riverbed sediment grains as much as 100 grains by zig zag stepping as presented in Figure 2 . 
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Another activity is measuring stone radius to analyse roundness and fl atness, which can calculated by the formula of roundness index as follows: Well Rounded Source : Wadell, 1932 in Reineck and Singh. 1975 From Table 1 , sediment grain roundness is visualized in Figure 5 . Sediment grain fl atness index is calculated using the formula (2) below:
Note:
Results of fl atness index calculation are then classifi ed into fl atness classes as presented in Table 2 . Reineck and Singh. 1975 The result of the analysis of both roundness and fl atness is then used to draw the graph of morphometry relationship of sediment grains with the distance from the upper course along
Bogowonto River, analysis of anomalies that occur in a part of the river and evaluation of anomalies that may occur in the graph. Therefore, it can be evaluated regarding the process or the incidence of what is specifi ed as a reference point to maintain the valleys and cliffs.
Results and Discussions

Cross-section of Bogowonto River Valley
Bogowonto River is sourced from the southern fl ank of Mount Sundoro in the area of Wonosobo regency. It fl ows to the south through the area of Purworejo regency and end up in the Indian Ocean. The selected research location, Bogowonto river main stream, is approximately 100 km in length with started from Kepil village in Kepil district in the area of Wonosobo regency as the zero (0) point. The main channel starts from the lower part of the upper part, fl ows across through a number of different landscapes, from Sindoro volcano, and then fl ow through the eastern part of Sothern Serayu Structural Mountains, and then alluvial land, sand dunes, and fi nally the southern beach of Purworejo regency. The results of river valley crosssection measurement from upper course to lower course on every river location at intervals of ±5 km indicate that changes occur in shape, width and depth of valleys as well as of effective width of river bed on which water fl ows. As a whole, there is a correlation between the distance from upstream of the river with the valley morphometry of valley river measures along the river. The farther the distance to downstream is, the shallower and wider the river valley, valley shape from V become U shape are, as displayed in Table 3 and Figure 6 ., Table 3 and Figure 6 reveal that the river valley and effective river bed respectively from narrow upper course to lower course are getting wider than the valley in the upper course. River in the upper course has more tendency to fl ow from more inclined to steep volcanic slope (> 25%), having a high velocity which produces more power, with the dominant process of vertical incision. As a result, the river valley tends to be a deep valley and the valley widening becomes less dominant. The closer to the downstream is the smaller the river gradient will be if compared to that the upper course; hence, it leads to decreasing vertical incision, shallower river valley and more active valley widening. Further, in the area closer to lower course near the beach, the river gradient is smaller (<5%), the precipitation process of sedimentary materials is more active, the vertical erosion of river bed is smaller, and the lateral incision is more dominant than the width of the valley in the upstream. One of determining factor for changes on sedimentary particle roundness and fl atness is sediment transport distance from upper to lower river courses. The fi eld data measures of roundness and fl atness indexes of river bed at very 5 km distance is presented in Table 4 . Based on the results of simple regression analysis shows that the index value roundness sediment grains have a tendency to rise close to 1, in line with the transport distance from the zero point of the river upstream. From the two graphs both simple linear graph ( Figure  7 ) as well as a bar chart (Figure 8 ) shows the occurrence of anomalous roundness index value at the point 9 and 12 range of ± 55-65 km) from upstream. At such distances index roundness value changes signifi cantly, form roundness index 0f 0.409 at point 8 become 0364, 0307 and 0310 respectively, and at the end of this segment (point 14) downstream become higher (0459) than before. Results showed that it is because the river segment (point 9, 10, 11, and 12) fl ows offer the river bottom that composed of breccia rock along about 10 km, and also river valley along that segment become wider than the valley width before and after the sites.
As presented in Figure 7 and 8 above, regression and bar chart of the relationship between the value of fl atness index and transportation distances have a positive correlation. As it is occur in the value of roundness index, the anomalous of fl atness index have also occurred at points of 9 and 12 (distance of ± 55-65 km), where the fl atness index has being decrease in fl atness index. At the fi rst point of measuring the fl atness index, the value of the fl atness index is low. In gradual, the farther the sedimentary material transported towards downstream, the greater the fl atness index value is. But at the distance of about 55-60 km there is a change the fl atness index value goes down, after that value of fl atness index increase after the distance farther than 65 km to the downstream. The results showed that the distance of the river segment about 55-65 km range (± 10 km length), the river bottom consist of coarse and sharp angle of breccia grain as soon in Figure 9 . Coarse and sharp river bed materials grains cause the sedimentary grains is sharply decreased in the value of roundness and fl atness index. Both in that location and the previous location, changing in roundness and fl atness indexes are not only resulted from the addition of new materials from both sides of river valley but it also supported by rock material from river bottom itself.
Conclusion
Some conclusions that can be drawn from the results of this research are (1) there is morphometry relationship between sediment grain and the distance of transports grain of sediment. The farther the sediment transported from upper course is, the greater the roundness index value of the grains will be approaching the value of 1 (one). Furthermore, the greater the distance of transport material, the higher the value of fl atness index (more than 1); (2) there is a correlation between morphometry of river valley and the distance from upper course to lower course. The farther the distance to lower course, the wider the river valley is. Meanwhile, the farther the distance to lower course, the shallower the depth of the river bottom; (3) there is anomalous morphometry of sediment grains at point 11 (X : 390 421, Y: 9144194) and point 12 (X : 391162, Y: 9141778), which is caused by the condition of the river bed materials which consist of loose deposits of breccia in Bogowonto Riverbed; (4) the anomalous value of roundness and fl atness index that happen within the river valley can be implemented as a basic indicator management of river valley environment.
